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We demonstrate the existence of Giant proximity magnetoresistance (PMR) effect in a graphene
spin valve where spin polarization is induced by a nearby magnetic insulator. PMR calculations were
performed for yttrium iron garnet (YIG), cobalt ferrite (CFO), and two europium chalcogenides EuO
and EuS. We find a significant PMR (up to 100%) values defined as a relative change of graphene
conductance with respect to parallel and antiparallel alignment of two proximity induced magnetic
regions within graphene. Namely, for high Curie temperature (Tc) CFO and YIG insulators which
are particularly important for applications, we obtain 22% and 77% at room temperature, respec-
tively. For low Tc chalcogenides, EuO and EuS, the PMR is 100% in both cases. Furthermore, the
PMR is robust with respect to system dimensions and edge type termination. Our findings show
that it is possible to induce spin polarized currents in graphene with no direct injection through
magnetic materials.
I. INTRODUCTION
Graphene is a two-dimensional (2D) material1,2 that
has attracted a lot of interest in view of its unique
physical properties and applications potential in di-
verse fields such as electronics, spintronics and quantum
computing3–5. Due to its weak spin orbit coupling6–15
graphene possesses a long spin relaxation time and
lengths even at room temperature16. While these charac-
teristics offer an optimal platform for spin manipulation,
it remains however a challenge to achieve robust spin po-
larization efficiently at room temperature.
Several methods have been proposed in order to
introduce ferromagnetic order on graphene, among
which functionalization with adatoms17, addition of
defects18,19, and by means of proximity effect via an ad-
jacent ferromagnet20–25. The latter approach attracted
a lot of interest using magnetic insulators (MI) as a sub-
strate to induce exchange splitting in graphene. When
a material is placed on top of a magnetic insulator, it
can acquire proximity induced spin polarization and ex-
change splitting20 resulting from the hybridization be-
tween pz orbitals with those of the neighboring magnetic
insulator. For practical purposes, the implementation in
spintronic devices of this kind of materials could lead
to lower power consumption since no current injection
across adjacent ferromagnet (FM) is required as in case
of traditional spin injection techniques. Experimentally,
the existence of proximity exchange splitting via mag-
netic insulator in graphene have been demonstrated with
exchange fields up to 100 T using the coupling between
graphene and EuS23. For yittrium irog garnet/graphene
(YIG/Gr) based system, using non-local spin transport
measurements, Leutenantsmeyer et al.24 demonstrated
exchange field strength of 0.2 T. Another possibility of
inducing exchange splitting in graphene using FM metal,
by separating them by alternative 2D material such as
hexa-boron nitride (hBN), was also proposed theoreti-
cally21.
Recent studies have suggested the creation of
graphene-based devices where EuO-graphene junction
can act as a spin filter and spin valve simultaneously by
gating the system26. It was also demonstrated27 that a
double EuO barrier on top of a graphene strip can exhibit
negative differential resistance making this system a spin
selective diode. However, the drawback of using EuO
is its low Curie temperature and the predicted strong
electron doping20. It was proposed therefore using high
Curie temperature materials such as YIG or cobalt fer-
rite (CFO)28. Indeed, a large change in the resistance
of a graphene-based spintronic device has been reported
recently where the heavy doping induced by YIG could
be treated by gating29.
In this Letter we demonstrate the existence of Proxim-
ity Magnetoresistance (PMR) effect in graphene for four
different magnetic insulators (MI), YIG, CFO, europium
oxide (EuO) and europium sulfide (EuS). Using ab ini-
tio parameters reported in Ref. [ 28], we show that for
YIG and CFO based lateral graphene-based devices with
armchair edges, PMR values could reach 77% and 22%
at room temperature (RT), respectively. With chalco-
genides, EuS and EuO, PMR values can reach 100% at
16 K and 70 K, respectively. In addition, we demon-
strate the robustness of this effect with respect to sys-
tem dimensions and edge type termination. Further-
more, our calculations with spin-orbit coupling (SOC)
included does not significantly affect the PMR. These
findings will stimulate experimental investigations of the
proposed phenomenon PMR and development of other
proximity effect based spintronic devices.
II. METHODOLOGY
In order to calculate conductances and PMR, we em-
ployed the tight-binding approach with scattering matrix
formalism conveniently implemented within the KWANT
package30. The system modeled is shown in Fig. 1 and
comprises two identical proximity induced magnetic re-
gions of width W and length L resulting from insula-
tors with magnetizations M1 and M2, separated by a
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2FIG. 1. (color online) Lateral spintronic device comprising
two magnetic insulators on top of a graphene sheet. The
magnetic graphene regions have a length L, width W and are
separated by a distance d.
distance d of nonmagnetic region of graphene sheet with
armchair edges. Both magnetic graphene regions are sep-
arated from the leads L1 and L2 by a small pure graphene
region. In order to take into account the magnetism aris-
ing in graphene from the proximity effects induced by
the MI’s, in the Hamiltonian are used the parameters
obtained for different MI’s in Ref. [ 28]. It is important
to note that the magnetic regions do not affect the linear
dispersion of graphene bands, except breaking the valley
and electron-hole symmetry resulting in spin-dependent
band splitting and doping. The discretized Hamiltonian
for the magnetic graphene regions can be expressed as:
H =
∑
iσ
∑
l
tlσc
†
(i+l)1σci0σ + h.c.+
∑
iσσ′
1∑
µ=0
[δ + (−1)µ∆δ] c†iµσ[~m.~σ]ciµσ′ +
∑
iσ
1∑
µ=0
[ED + (−1)µ∆s] c†iµσciµσ (1)
where c†iµσ (c
†
iµσ) creates (annihilates) an electron of type
µ = 0 for A sites and µ = 1 for B sites on the unit
cell i with spin σ =↑ (↓) for up (down) electrons. ~m
and ~σ respectively represent a unit vector that points
in the direction of the magnetization and the vector of
Pauli matrices, so that ~m.~σ = mxσx + myσy + mzσz.
The anisotropic hopping tlσ connects unit cells i to their
nearest neighbor cells i + l. Parameters δ, ∆δ, ∆s are
defined via exchange spin-splittings δe (δh) of the elec-
trons (holes) and spin-dependent band gaps ∆σ defined
in Ref. [ 28]. ED indicates the Dirac cone position with
respect to the Fermi level. The Hamiltonian for the whole
device is obtained by making aforementioned parameters
spatially dependent.
To obtain hopping parameters of Hamiltonian (1), we
fitted tight-binding bands to those obtained from first
principles calculations in Ref. [ 28]. The results of the
fitting procedure in case of graphene magnetized by YIG,
CFO, EuS and EuO are shown in Fig. 2(a), (b), (c) and
(d), respectively. The corresponding hopping parameters
are given in Table I. As one can see, the graphene bands
obtained with tight-binding Hamiltonian given by Eq. 1
are in good agreement with those obtained using Density
Functional Theory (DFT) confirming suitability of our
model for transport calculations. Of note, due to the
presence of superficial tension at the interface between
CFO and graphene, hopping parameters in this case are
anisotropic as they depend on direction to the nearest
neighbor as specified in the inset of Fig. 2(b).
The conductance for parallel and antiparallel configu-
rations of magnetizations M1 and M2 in the linear re-
sponse regime is then obtained according to:
GP (AP ) =
e
h
∑
σ
∫
TσP (AP )
(−∂f
∂E
)
dE, (2)
TABLE I. hopping parameters used in equation 1 for each
magnetic insulator considered.
Material Hopping di-
rection
spin up (eV) spin down (eV)
YIG t 3.6 3.8
CFO
t1 1.38 1.44
t2 1.41e−i0.01 1.48e−i0.01
t3 1.36e−i0.02 1.44e−i0.02
EuS t 4.5 4.8
EuO t 4.9 4.3
where TσP (AP ) indicates spin-dependent transmission
probability for parallel(antiparallel) magnetizations con-
figurations and f = 1/(e(E−µ)/kBT + 1) represents the
Fermi-Dirac distribution with µ and T being electro-
chemical potential (Fermi level) and temperature, respec-
tively. It is important to note that temperature smearing
has been taken into account using the Curie temperature
of each MI.
The PMR amplitude has been defined according to fol-
lowing expression:
PMR =
(
GP −GAP
GP +GAP
)
× 100%, (3)
In order to determine the impact of the system dimen-
sions on the PMR, several calculations were carried out
for different lengths, widths and separations of the mag-
netic regions. Furthermore, we checked the robustness of
PMR on edge type termination by calculating the PMR
for systems with zigzag, armchair and rough edges. The
latter were created by removing atoms and bounds ran-
domly and deleting the dangling atoms at the new edges.
3FIG. 2. (color online) Band structure obtained using tight-binding Hamiltonian defined by Eq. (1) (solid lines) fitted to the
band structure from DFT spin majority (green open circles) and spin minority (black filled circles) data for the cases with (a)
YIG, (b) CFO, (c) EuS and (d) EuO from Ref. [ 28]. The inset in (b) shows the anisotropic hoppings reported in Table I
.
III. RESULTS
In Fig. 3 we present the PMR curves for lateral device
structures based on YIG, CFO, EuS and EuO on top of a
graphene sheet with armchair edges. Taking into account
Curie temperatures for these materials, the curves were
smeared out using 16 K (70 K) for EuS (EuO), and 300
K for YIG and CFO cases. For system with YIG we
found a maximum PMR value of 77% while for CFO the
value obtained was 22%. In case of chacolgenides EuS
and EuO used, the maximum PMR values reach 100%.
Among the materials studied, YIG represents the most
suitable candidate for lateral spintronic applications due
to both high Curie temperature and considerably large
PMR value.
In order to elucidate the underlying physics behind
these PMR results, let us analyze details of the con-
FIG. 3. (color online) Proximity magnetoresistance defined
by Eq. 3 as a function of energy in respect to the Fermi
level for YIG (blue circles), CFO(red squares), EuS(black dia-
monds) and EuO(green triangles) using temperature smeared
conductances at T=300 K, 300 K, 16 K and 70 K, respec-
tively. System dimensions are L = 49.2 nm, W = 39.6 nm
and d = 1.5 nm.
ductance behaviour. In Fig. 4(a)-(b) we reproduce the
graphene bands in proximity of YIG and corresponding
transmission probabilities resolved in spin for P and AP
configurations at T = 0 K for a system with dimensions
L = 49.2 nm, W = 39.6 nm and d = 1.5 nm. One can
see that for energies between -0.88 eV and -0.78 eV there
is no majority spin states present and the only contri-
bution to transmission T ↓P is from minority spin channel
(Fig. 4(b), red solid line). In other words, the situation
within this energy range is half-metallic giving rise to
maximum PMR values of 100% using “pessimistic” def-
inition given by Eq. (3). The similar situation is for en-
ergy ranges between -0.72 eV and -0.75 eV but this time
the only contribution T ↑P is from majority spin channel
(Fig. 4(b), red dashed line). One should point out here
that the conduction profile here is due combining both
magnetic and nonmagnetic regions into one scattering
region. The conductance of a pure graphene nanoribbon
sheet represents quantized steps due to transverse con-
finement with no conductivity at zero energy depending
on its edges. Inducing magnetism within graphene sheet
leads to symmetry breaking with the shift of exchange
splitted gaps in the vicinity of Dirac cone region below
the Fermi level. This leads to characteristic conductance
profile with two minima at around -0.8 eV and 0 eV (not
shown here) due to the Dirac cone regions of magne-
tized and the pure graphene. The corresponding con-
ductances for the parallel (GP ) and for the antiparallel
(GAP ) magnetic configurations at T = 300 K are shown
in Fig 4(c). Interestingly, even at room temperature the
PMR for YIG based structure preserves a very high value
of about 77% as already pointed above, a behavior that
is very encouraging for future experiments on PMR. As
a guide to the eye with dashed lines we highlight the en-
ergy value where the PMR has a maximum in Fig. 4.
Since the edges may strongly influence the aforemen-
tioned properties of the system, we next explore the
robustness of PMR against different edge types of the
graphene channel of the proposed device. It is well
known that electric field can trigger half-metallicity in
zigzag nanoribbons due to the antiferromagnetic inter-
action of the edges31. On the other hand, graphene
4FIG. 4. (color online) (a) Band structure reproduced using the DFT parameters from Ref. [ 28] for graphene in proximity of
YIG. (b) Transmission probabilities for majority (dash lines) and minority (solid) spin channel for parallel (red) and antiparallel
(blue) magnetization configurations at T = 0 K for a system with dimensions L = 49.2 nm, W = 39.6 nm and d = 1.5 nm.
(c) Resulting conductance for parallel (red circles) and antiparallel (blue squares) magnetization configurations at 300 K. (d)
PMR for device with armchair (blue circles), rough (red squares) and zigzag (black triangles) edge termination of graphene.
PMR profiles as a function of (e) L, (f) W and (g) d. (h) Dependence of PMR for the energy outlined by dashed line in (e),
(f) and (g) as a function of L (black circles), W (red squares) and d (blue triangles). The green square highlights the region
where PMR becomes independent of system dimensions.
nanoribbons with armchair edges can display insulating
or metallic behaviour depending on graphene nanoribbon
(GNR) width32,33. Armchair and zigzag edges are par-
ticular cases and the most symmetric edge directions in
graphene. But one can cut GNR at intermediate angu-
lar direction between these two limiting cases giving rise
to an intermediate direction characterized by a chirality
angle θ34. Graphene band structure is highly dependent
on θ. When the angle is increased, the length of the edge
states localized at the Fermi level decrease and eventu-
ally disappear in the limiting case when θ = 30◦, i. e.
when acquires armchair edge. In the laboratory condi-
tions, graphene sheets are finite and have imperfections
that influence their transport properties. For defects at
the edges, it has been demonstrated that rough edges
can diminish the conductance of a graphene nanoribbon
as was shown in Ref. [ 35] or may exhibit a nonzero spin
conductance as reported in Ref. [ 36].
In order to demonstrate the robustness of PMR with
respect to the edge type, we thus performed calculations
with the same system setup (Fig. 1) but this time for
various edge terminations. The resulting PMR behavior
for the cases with armchair, rough edges and zigzag are
shown in Fig. 4(d). The former have been modeled by
creating extended vacancies distributed randomly. It is
clear that the maximum PMR value does not present a
significant variation maintaining for all cases PMR val-
ues around 75%. With this results in hand we can claim
that the PMR is indeed robust with respect to edge ter-
mination type.
As a next step, we checked the dependence of the PMR
on different system dimensions, i.e. the length of the
magnetic region L, system width W and the separation
between the magnetic regions d. The corresponding de-
pendences are presented respectively in Fig. 4(e),(f) and
(g). One can see that for all energy ranges the PMR ratio
has a tendency to increase as a function of L approaching
limiting value of 77% at energies around -0.81 eV indi-
cated by a dashed line Fig. 4(e). As for dependence of
the PMR as a function of GNR width W , clear oscilla-
tions due to quantum well states formation are present
with a tendency to vanish as system widens (Fig. 4(f)).
On a contrary, the PMR shows almost constant behav-
ior as a function of separation between the magnets d
(Fig. 4(g)) due to the fact that transport is in ballistic
regime. For convenience, we summarize all these depen-
dencies in Fig. 4(h) at energy -0.81 eV as a function of
L, W and d. One can clearly see that the PMR saturates
as system dimensions are increased. At the same time, it
shows the oscillations in the PMR for small W as well as
the invariance of the PMR with respect to d. For large
dimensions highlighted by the green box in Fig. 4(h), we
can claim that the PMR is indeed robust, and the maxi-
mum PMR value would be eventually limited only by the
magnitude of the spin diffusion length in the system.
Finally, we consider the impact of spin-orbit coupling
on the PMR. Despite weak SOC within graphene, the
proximity of adjacent materials can induce the interfacial
5FIG. 5. (color online) PMR dependencies for three values of
Rashba spin-orbit interaction parameter λR defined by Eq. (4)
for YIG-based system with armchair edges and of dimensions
L = 49.2 nm, W = 39.6 nm and d = 1.5 nm. The dashed
line is a guide to the eye that shows the maximum value when
λR = 0 eV.
Rashba SOC7. Rashba type SOC is included into our
tight-binding approach adding the following term:
HSO = iλR
∑
iσσ′
∑
l
c†(i+l)1σ[σ
x
σσ′d
x
l − σyσσ′dyl ]ci0σ′ + h.c.
(4)
where the vector ~dl = (d
x
l , d
y
l ) connects the two nearest
neighbours, λR indicates the SOC strength. The values
of λR are generally lie in the range between 1-10 meV
(see, for instance, in Ref. [ 37]). Keeping in mind this in-
formation, we present in in Fig. 5 the PMR dependences
for three values of spin-orbit interaction. One can see
that increasing the strength of SOC λR lower the PMR.
This behavior is expected and could be attributed to the
fact that spin-orbit interaction mixes the spin channels.
These dependencies allows us to conclude that PMR is
quite robust also against SOC and even in the worst sce-
nario remains of the order of 50 % (cf. black triangles
and blue circles in Fig. 5).
IV. CONCLUSIONS
In this paper we introduced the proximity induced
magnetoresistance phenomenon in graphene based lateral
system comprising regions with proximity induced mag-
netism by four different magnetic insulators. For YIG
and CFO based devices we found PMR ratios of 77% and
22% at room temperature, respectively. For chalcogenide
based systems, i.e. with EuS and EuO, we found PMR
values of 100% for both at 16 K and 70 K, respectively.
Very importantly, it is demonstrated that the PMR is
robust with respect to system dimensions and edge type
termination. Furthermore, the PMR survives in case of
the presence of SOC decreasing only by about a half even
in the case of considerably big SOC strength values. We
hope this work will encourage further experimental re-
search and will be useful for the development of novel
generation of spintronic devices based on generation and
exploring spin currents without passing charge currents
across ferromagnets.
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